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DIAGNOSTIC METHOD FOR ALZHEIMER'S IHSS&SK 

The present invention is directed to the 
diagnosis, subr.ypi.ng and »onitoring of Alzheimer's 
disiase. Diagnostic methods and fcits are described 
which utilize monoclonal antibodies, polyclonal 
antibodies or Fab fragments specific to peptide 
fragments or. the tan family of proteins which are 
found in fens blood or spinal fluid of individuals 
affected by Alzheimer's disease. Alternatively, tau- 
peptidss can be used to detect circulating 
autoantibodies in such patients. 

The diagnostic Maneiwar*© disease detection 
kits of the present invention can be particularly 
; useful in screening the overall population and 
identifying those individuals vho have Alzheimer's 
disease as well as? subtyping the affected individuals- 
according to which member of the tau family of. 
proteins they express. 

:> 

AXaheixser's disease is the rcost common form 
of both senile and presenile dementia ir. the world and 
is recognised clinically as relentlessly progressive. 

5 dementia that presents with increasing loss of memory, 
intellectual function and disturbances in speech 
(Herritt, 3.97S, A Textbook of necrology, 6th edition, 
pp. 484-489 Lea & Pebiger, Philadelphia). The disease 
itself usually has a slow and insidious progress that 

10 affects both sexes equally, worldwide. It begins with 
mildly inappropriate behavior, uncritical statements, 
irritability, a tendency towards grandiosity, euphoria 
and dete.riorat.ing performance at work? it progresses 
through deterioration in operational judgement,, loss 

35 of insight, depression and loss of recent, memory; it 
ends in severe disorientation and confusion,, apraxia 
of gait,, generalized rigidity and incontinence (Giiroy 
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S never, 1979, Medical Neurology, pp. 175-173 
HaoWilian Publishing Co,)- Alzheimer** disease 
allots an estimated 4 sillier, h«ta*n beings in the 
United States alone at a cost of 35 billion dollar, a 
vear (Hay & srnst, 1^7 f Aau J, PuM.xc rfea^h. ^ 
; 7il1g ^ X r;SK It is found in 10% of the P opu,ar.,on 
OW r the aae of 65 and 47% of the population over tne 
age of B5 '(E'^ns et al., 1989 r JAMA, 262:2551-2556). 
in addition, the disease is found at much lower levels 
. in the younger age groups, usually beginning at. about 
" ,o vears of aqe and even rarely in late childhood 
(?,dl^ : & Victor, 1977 f Principle of Neurology, pp. 
401-4071 . 

The etiology of Alzheimer's disease is 
, unknown. Evidence for a genetic contribution comes 
tram several important observations such as the 

tnonoaygot 

dizygotic twin studies and the «eociation of the 



familial incidence, pedigree analysis, monozygotic; and 
.ssoci 

disease with Down's syndrome (for review see 
20 Baraitser, 1990, The Genetics of Neurological 

Ai*ortf«r», 2nd edition, pp. 85-88) . Nevertheless, 
Ms evidence is far from definitive and it xs clear 
,-hat one or more other factors are also required. 
Elevated concentrations of aluitlmm have been founa in 
25 the brains of some patients dying with Alzheimer's 
disease (Crapper et *Z.. 1976, Brain, «:67-80) and 
one case report has documented markedly elevated 
levels of manganese in the tissues of a patient w.tfc 
Alzheimer's disease (Banta & Harfcesberg, 19?;, 
30 H exirolcqy, 271213-216), which has led to the 

suggestion that high levels of these metals may be 
rei-otoxie and lead to the development of Alzhexmer s 
di ^ se . it was interesting that the aluminum ions 
were found to he associated mainly with the nuclear 
35 ohromatin. in brain regions »ost likely to display 
neurofibrillary tangles in Alzheimer's disease. 
However, fro. a statistical point of view the absolute 
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differences found for the aluminum levels between 
normal and Alzheimer brains were far iros< convincing, 
Xt has recently been suggested that delects in the 
transcriptional splicing of xaRNA coding for the taa 

. complex of microtubule associated proteins occur- (for 
review see Kosit, 1990, Curr. Opinion Cell Siol~< 
2:101-104} and/or that inappropriate phosphorylation 
of these proteins exists {GrundXe-XgbaX et al. t X986, 
Proc, ffatl. Acad. Sci . USA, 83:4913-4917; Vloloain & 

10 Davies, 1987, Aiu>. Wearol . 22:52X~526; Hy»an et al. f 
1988, Ann. Neurol . , 23:371-379? Banchar et a.2 . , 1389 f 
Brain fies., 477:90-99}- Furthermore., reduction in the 
enzymes involved in the synthesis of acetylcholine has 
led to the view of Alzheimer's disease as a 

15 cholinergic system failure (Danes & Moloney, 1976, 
Lancet;, il : 14 03-14). However, even if cholinergic 
neurons are most at risk in Alzhe iter's disease, it 
appears likely that these reductions in enzyae 
activity are secondary to the degenerative process 

20 itself rather than causally related. 

2 . 1 MA CTOSXfl OF hLZEK Xm&lM^M&m 

The diagnosis of Alzheimer's disease at 
autopsy is somewhat ti*e -consuming but is definitive- 
2S The gross pathological changes are found in the brain, 
which is underweight, and shows generalised atrophy of 
both the gray and white matter of the cerebral cortex, 
particularly in the temporal and frontal lobes, with 
widening of the sulci and narrowing of the gyri as 
30 well as compensatory symmetrical dilation of the third 
and lateral ventricles (Aaar»s & "victor, 13??, 
Principles of Neurology f pp. 401-407; Merrxtt, 1979, A 
Textbook of Neurology, 6th edition, Lea & Febiger, 
Philadelphia, pp. 484-489). The histological chano.es 
35 in the brain are definitive. The r«ost common lesion 
is the neurofibrillary tangle (Kidd, 19 63, nature, 
197:192-193; Kidd, .1964, Brain 87 ; 307-320) , which 



WO 93/03369 



_ 4 ~ 



consist, of a tabled «« «* ^^^^ 
and occasion,! strait tila»*uts located an ch* 
cv^opl^ of affected neuron (oyanagei. 19,9, 
^rol- Boi.. li^ (in Japan..*) as quoted py 
r Grundke-Xqbal et 19SS, Act. ^ropatAo. . , 

J , M ^ other characteristic histological lesions 
II^Hu'ano bodies witUin nerve ceil, of certain brain 
;; iptt<! critic dystrophy and amyloid angiopatny. 
C addition there ar* prominent argenuophilic senile 
ie neuritic plaques oppose, oil enlaced, W rat,ng 
axonal e»a5ng*. concainxno degraded cellular ^ 
organellas and so*, paired hei,cal £ Haunts , taac 
surround a core oC «lnlr extracellular a«yXo*« 
(Herritt. .979, A ***** ox' N.«rol W , sth editxon, 
1, Lea a Fe.ioe*, *M>ad«lpUi*, pp. 4M-4t». 

amounts of these histological change, are tound a,s, 
<n the brains ot almost all very old h^ans at 
auto^y, even U they showed no my**** ol 
A1 slur's disease before death (Toalinson * 
20 Henderson, 1976, Search! W of Aging, p. 1", ^ 
T ^rv & Cerebon (ads-), Haven, tunr Yoric? Ba 1* . 

* ^ , s.-ur^JC'J., 2:395; Ball, 197V, Acta 

^aroparhol.. S7tlil-i»>. However, tt.nu-ber.nu 
total amount ot tn«se histological change* x» braxn 
25 has fceen f*mt to correlate well vith the severity •< 
the clinical • and symptoms of Airfield's aiseu-* 
, Kldd , ^ture, M7»»3-l«f Terry «t ,9,-, 

I " Pathol 44:269-297; Roth .t .1 . , 1966, 
M^lW-lWl Blessed <afc al., 1^8, Br- J. Psyctaat., 
3D , 14 < 7 * 7 -.-s§l; Tomlinson et- al., 1S70, J- ^rol . ffct., 
1^205-242: Kisni^, 1?^- J < Nearo1 ' S<ti " 27:1 '" > " 

' The diagnosis of Alrheiner's disease during 

life is ^ore difficult than at autopsy since it 
defends upon on inexac, cU.uc-i 

0? the disease . r.he diagnosis x*» a * e~ . 
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judgement and success is markedly dependent upon the 
experience and clinical acumen of the attending 
phvsician or consultant. In the late stages at the 
disease however., clinical diagnosis is relatively 
r ^traiaht-forwsrd even if it is not completely 
" unequivocal. In all cases, a wide variety of other 
diseases, presenting at least partially overlapping 
clinical pictures, *uct be positively ruled out before 
a diagnosis of Alzheimer's disease can be made. 
, 0 usually a patient »ust be evaluated on a number of 
occasions over sose period of ti*e in order to 
document the deterioration in intellectual ability and 
other signs and symptoms before a diagnosis can be 
attempted with reasonable confidence. The necessity 
15 of repeated evaluation by a professional medical 
practitioner before a firm diagnosis can be made is 
eostlv, generates anxiety and can be frustrating to 
patients and their rallies. Furthermore, the 
development of an appropriate therapeutic strategy is 
20 greatly hampered by these difficulties in the 
objective and rapid diagnosis of the disease, 
particularly in the early stages where even a simple 
arrest of the progress of the disease would leave the 
patient with significant intellectual capacity and a 
25 reasonable quality of life, 

j?o unequivocal laboratory test specific for 
Maimer's disease has been reported, European 
Patent application No. 3917.14 discloses a method for 
the diagnosis of Alshexmer's disease based upon the 
30 detection of mature j3~ amyloid protein, its precursor 
protein or a fragment of 0 -amyloid protein in non- 
neural tissue biopsy using .immunoassay techniques. 
However, this approach is non-specific since it has 
been recognised that a vide variety of degenerative 
35 diseases, lead to the production and deposition of 0~ 
amyloid protein in almost all human tissues. 
Furthermore, even though the gene coding for both the 
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a-a^oid protein (Goidgafoer at al~, I9S7, sci«n«, 
s^.^-so"; Tans! et aJ . , l«7a, Science, 235*880-884, 
and the gene for familial Aizhei»er' s disease (St. 
G-orqeHKvsloo et ai. 1087, Sciencn, 325,885-890) nav, 
Unlocked on b^an chrome ai. it ha. been shown 
that the .linkage between the two gen** is not very 
clo«* (Van BroedKhove* et al . . 1087, Mature, 3295 1S.>- 
,55. Tanzi et ai . , 19»7b. Nature,. 329,156^7). In 
add ^on, it is knovm that despite seme earlier 
. clams, .^aBylcid protein forms no part or the pairea 
' helical filaments within neurofibrillary tangle, (for 
rr > v ^ see tfischik et ,1. IMS. Curr. Opinion Ce,, 
Biol., X, 11S-122). Therefore, even though /J-a*ylow 
»ro*e.ir i« deposited in many tissues of patients vrtn 
^hei^er's disease, it has not bean definitively 
' UrVed to AMei,er's disease in a manner different to 
^, ^^i**ion with w*y other degenerative diseases, 
~the 4i.ffM.tle u^ul,,- of antibodies directed 
^amyloid protein, its precursor or any of 



to mature 



xs frr.gr.ents must be considered marginal at besc. 

AJ^IElKBR^IO^SBi^ 

It is now known that the only definitive 
75 feature of ll«M>«r'» disease is the presence of 
^osslv increased quantities of neurofibrillary 
angles vithin the affected cortical regions of hram 
compared to either normal brain fro. humans of any age 
cr to bra'n rron ary cts^, state other than 

30 5 rrs ^ s di^re it«:f. However, the 

neuron Hilary W*-* ^ not heretofore been 

for use n diagnostic or screening assay 



Al^beimi'T-' 

rkic&l. substance in the 



Th, yroqr -sum A^fc ! ^cr's disease 



rtid-act^rir-^d V- r Irs 

brain- 



aci aa„> b-en w.I ekcusacrtea ovox. 
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characteristic lesion in fclaheinser 's disease is the 
presence of paired helical filaments in discrete, 
randomly interwoven groups or neurofibrillary tangles 
within affected cortical neurons. In addition, the 
s number and size of these tangles within an affected 
neuron as well as the total number of tangles and the 
total amount of constituent cau~protein in an affected 
brain correlates with the progression and severity of 
the disease. Therefore, it is believed that as these 
10 tangles increase in size and mraber they must 

interfere with the physiological function of each cell 
Xt> which they occur., eventually leading directly to 
the death and lysis of that cell. Recently, it has 
been reported that the cytosolic &T? -dependent 
IS protease signal protein, ubiquitin, becomes attached 
to neurofibrillary tangies (Hori et al., 1987, 
Science, 235:1641-1644). Since ubiquitinated proteins 
are rapidly degraded, this suggests that the affected 
cell recognizes the tangles as a foreign structure 
2Q requiring degradation. It is further believed that 
this mechanise of cortical neuron death is responsible 
for the progressive loss of cortical substance and, 
therefore, the loss of intellectual capacity as well 
as the appearance of the ether signs and sy*ptaBS of 
25 a Iz he iter's disease. 

The paired helical filaments are composed of 
an unknown protein of 90. ,000 molecular weight (Hr) 
associated with various tau-protein species, A 
tightly bound helical core is formed between the 
30 90,000 Mr protein and the large middle domain of the 
tau-protein as veil as a region of the C- terminal 
domain, which contains the imperfect tandem repeat. 
The structural conformation of the helical core allows 
the N-tertainal and C-terminal domains of the tau- 
35 protein to protrude at sone angle frots the axis of the 
paired helical iiiament thereby forming a protease- 
sensitive coat around the paired helical filaments 
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(Wischik efc al . f 1936,. Proa. Natl, Acad. Scl, USA*, 
85:4884-4858) . The research groups working in this 
area are directing their efforts towards 
characterising the proteasa-resistant core, of the 

5 paired helical filaments in order to understand the 
nature of the stable interaction and the nature of the 
modification that occurs to taa-proteins i« 
Alsheiaer's disease (for reviews,, see Wisehik et &1 . , 
XS89, C»rr. Opinion Cell Sio2., Iiii5~122? Kosik, 

10 XS90, Carr. Opinion e»U Biol. f 2;1CI~104). This 
orientation of research effort as well as research 
directed towards the molecular genetics of the fcau- 
protein are likely to lead to an understanding of the 
primary cause of Alzheimer's disease. 

IS Frois the foregoing, i.t is clear that no one 

concerned with Alzheimer"© disease has realised that 
its diagnosis ultimately arctst depend upon the 
detection and quantitative measurement of the amount 
or the component substance, or substances that 

20 constitute these neurofibrillary tangles in victims of 
the disease. The detection of associated substances 
that can also be JEound in other disease states can 
never be as definitive as the detection of the actual 
substance building up in affected neurons in 

25 Alzheimer *s disease causing the eventual death of 
those cells. What has also not been realised is that 
the protease stability of the core of the paired 
helical filaments makes it unlikely that any part of 
the tan-protein or the 90,000 Er protein present in 

3e this stable core, will ever be found outside the brain. 
The slow destruction of these stable cores, following 
their release by dead neurons,, can be conceived to 
occur only In situ, and as a consequence of 
phagocytosis by microglia - The a»ast likely reason for 

3SS the reluctance or failure to recognize the potential 
of using components of the neurofibrillary tangles m 
the diagnosis of Alzheimer's disease relates to the 
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natural abhorrence that a person would feel if 
required to biopsy the brain of any Mving huwan being 
even in the last stages of the disease ir. order to 
measure these substances. The biopsy procedure is 
r extremely invasive and mast, leave the. person so 
biopsied 'less than whole. However, the scientific 
cowisunity has net considered the possibility that, 
biopsy sdght not fee necessary in order to detect the 
substance or substances in question. 

In contrast to the relevant literature,, the 
diagnostic approach of the present invention is baaed 
on the recognition that the whole of the 200 amino 
acid ^-terminal residues of the various tau-proteins 
as well as sons portion of their 50 ard.no acid aost C- 
15 terminal residues will be released when cleaved £ro» 
the filaments by ubiquitin-rsccgniaing proteases or 
other proteases during degeneration and rapture of 
affected neurons. The diagnostic assays of the 
invention are based on the principle that, it, is these 
20 cleaved latter segments of tau-proteins that can find 
their way into body fluids outside the .brain and whose 
detection and quantitation are important for 
diagnostic purposes. Additional support for this last 
conclusion catties from the observation that other 
brain-specific, soluble and prote.ase~sensit.ive 
proteins find their way into blood and spinal fluid 
following bead trauma (Phillips et al . , X980, Br. Wed- 
J., SSi:77?~??9; Brayne efc aJ.. t 1982, Lanc&t, ii:130S~ 
9} and various other types of neurological disorders 
30 {Thorrspson st 1980 f J . Neurol, Sex . , 47:241-254; 

'Wiilson et al , , 3 980, Ann. Clin. Bi.ochem*, 17 1. XXQ» 
XX3) . 

3S The present invention relates to methods and 

Kits for diagnosing, autotyping and monitoring 
t M2hoiT«er's disease. The invention is based, in part. 
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on the discovery that proteolytic fraqMitt* of the^ ^ 
... rir „, ^ carboxv terminal amino acid residues ox tat- 
"irct^^ are released fro* the n*urof ibril lary tangles 
'associated with the disuse ana can be detected in 
H body fluids outside the brain. 

-rim veneration and purification of ta»~ 
proteins and peptide fragments of the amino terminal 

carboxy terminal regions of tau-proteins ere 
al^ibed. These tsu~profceins and fragments thereof 
.„ nay be used to generate monoclonal antibodies, 
" pa3vclonal antibodies or Fab fragments that, in turn, 
can' be .sod in i«assays to detect circulating tau- 
p-ptides in suspected individuals. Alternatively , the 
W -peptid«« thrives aay be used in immunoassays ,o 
« detect' circulating autoantibodies in such individuals. 

The term taa-protein is defined herein as 
any one of the proteins that comprise a single 
70 constituent part of the tau-co»ple.x of proteins. 

ThA tatr-corcpXex of proteins is define* a* 
**at qroup of microtubule associated protein, (MAPS) 
f rw vertebrate brain rhat. have the following 
characteristics, (a) co-purify with tubulin during the 
25 . Y nle purification of microtubules, particularly m 
the absence of glycerol (M «~ * Wilson, 1979, Ana*. 
Kio*™., 98:64-73.* Murphy & Hiebsch, XS79, 
Bio«he«., 9^225-235} ; <b) separate from tubulin 
present in the »icrotobul«* obtained by the cycle 
30 technique when an ice-cold sample of such, a 

oration is ohro^tographed on a P hosphocelluiose 
col^n, using 2 ~«phaUno>^*hanesulphonic acid 
fWES) buffer to remove tubulin and using HES bufler 
containino 1 M NaCI to remove the tau-coaplex or 
35 proteins "(Weingarten el al . r 1975, Proc. »«tl. Ac**. 

USA, 72:18S8-1S6C; Cleveland of ai . , 1*77, J. 
Mol. Biol., 116:207-22*,- Cleveland et ai., 1379, 
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Biol . Ch®m. , 254:12670-12678}; <c) are incluaeo in a 

column ol sapharose 6B when chrowatcgraphed on such a. 
matrix and where they migrate as an aggregated species 
not far from the exclusion volume but have individual 
r.- unaggregated native molecular xaasses between 10,000 
and 100 , 000 Mr regardless of axial ratio (Cleveland et 
al., X$77 f J. Moi- Biol,,, 116:207-325); <d) react with 
any of a number of antibodies described in the 
Xii-.r.-ratxirtt as >s ant.i~tau" or with a commercial antibody 
rn described as anti-tan; (e) contain within each and 
every one of their OterminaX domains an imperfect 
tandess repeat, of the type described in the literature 
(Lewis et al«, 198B, Science, 242 ;936~939 ; Goedert et 
ai. ( 3.989, EMBO J., 8:333-395; Kanai et al . , 1989, J* 
16 Cell JBioI . , 109 i 1173-1184} ; and (f) are either heat- 
stable or heat-labile as described by Cleveland et 
a.2 . , 19 77 , J . «£> ? - Bi £> 1 • , 1 1« * 207-2 2 5 - 

The terra "forward sandwich assay" is defined 
in its jaost basic for» as an assay wherein the sample 
20 to be tested containing the tau-peptids reacts -with an 
ant i- tan -peptide antibody that has been iaohobilzed 
upon a solid substrate; then a labeled second anti- 
tau-peptide antibody is added, which reacts with the 
tau-peptide at a different site. 
25 The ten* "reverse sandwich assay" is defined 

in its most basic fors> as an assay vherei.n the labeled 
anti-taa-peptide antibody and sample to be tested 
containing the cau-peptide are first incubated 
together and then added to a second unlabeled anti- 
30 tau-paptide antibody that had previously been 

immobilised upon a solid substrate as in the "forward 
sandwich assay*. Both the labeled and the unlabeled 
anti-tau-peptide must react, with the taa-peptide at a 
different site, 

35 
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4 . RKSSETJlXmo?.~lS^-IX^^ 
pirn!V . e \ ~ BOWS the complete nucleotide and 
**1no acid'seguences of one for,, of h«*a* ta,~protein, 
reproduced fro. Goadert et aJ . , 3^8, Proa. Nat,. 



Acad. sci. 



USA, 8S:4 05: 3.-4 



-.o^plex 



S fflWUBSL 1>EBCRIST M ..C^...TH§...1MSHTIM 
" ^"present Invention revolts from the 
expected discovery oil several physiological 
, r lotions tor individual proteins in the *~ 
c . .retail that have not heretofore ««» descrxba* 
an/ are in addition to the «U recognised function ot 
^otlna polarization of microtubules and, or 
; he1 . lability- This discovery has permitted tna 
« develop*^ cf' assays for the individual protein, w 
^ t^-coHDle* of proteins and their subsequent 
Purification with retention of their native 
conization and physiological activity. The 
mention is based, in part, on the discovery tnai ^ 
20 patient, suturing fro. Maimer's dise.se tnera ,s 
proteolytic fragmentation of the tau-«*P*«t o. 
proteins which occurs independently ot 
Ihosphorvlation, ,ach that only the H-t. r-inai da»u> 
^pLin, up to not *ora than the 200 
25 acids or less and the c-ter*inaX domai* 

comprising np to only the SO Best C-ter^na, am.no 
acids or loss of ta« will be released fro. th. p.^ 
Hid filaments, resident in the neurofibrillar, 
t ; nq ^' or free in the cytoplasm of affecrsd neurons, 
30 and " make their way into spinal fluid and bxood. 

Thi*j invention provides the first 
demonstration that any part of the taa-proteins of 
br ^ P in victims of Alzheimer's disease are also 
p~sent in body fluids outside the brain itself m 
* "eventrations greatly exceeding that found in nor,a, 
humans that are not victim of Al2hei»er's disease- 



!» is achieved by examining 



sample of foody fra.ui,. 
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preferably blood or spinal fluid, and detecting the 
presence and quantity of any of the tau-protcins or 
fragments thereof.. Th* detection and quantitative 
measurement; of any of these tau~proteins or fragments 
5 thereof in body fluids in accordance with this 

invention is useful in confirming a clinical diagnosis 
of Alzheimer's, disease in affected patients and in 
following the course of. the disease. The invention is 
also useful in monitoring tho disease during and 
10 subsequent to a period of treatment vitn agents that 
are being tested for their ability to stabilise, 
decrease or prevent the release of tan-proteins or 
fragments thereof fross the brain. 

Alternatively, the invention is air-acted to 
IS the production of tau-peptides for use in detecting 
circulating anti-iau-peptide autoantibodies in body 
fluids outside the -brain In victims of Alzheimer's 
disease. The detection of circulating anti-tau- 
peptide autoantibodies in accordance with this 
20 invention is useful in confirming a clinical diagnosis 
of Alzhe-uuers disease in affected patients and in 
following the course of the disease. 

For purposes of description only, the 
invention vill be described in terms of: (a) 
25 venerating tau-peptioes; <fc) generating antibodies 

that define the tan-peptide ; and <c) diagnostic assays 
and kits for diagnosing snhtyping or monitoring 
Al zhe i mer 5 s d i.seasa . 

3° 5*1 TOODPCg lOB QF !TACMH B»Tliag 

s . i . x ^HgvK& yTc ff r.^^E o f vmzT xmu-gmzmmmm. 

The production of fcau-peptides may be 
accomplished by isolating the paired helical filaments 
from human brains of patients who died with Alsheimers 
35 disease and purifying the helical complex containing 
the tau-protein and the 90,000 Mr protein (see Section 
6, intra) . The Cau-nrotein is associated with the 
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W.OOO Mr Protein such that the 200 wost a.u» 
rOT ^ a . residues and the SO momt. carboxy terminal 
residues protrude froa the helical cox:, of the couple* 
thereby rendering those tragus susceptible to 
a proteolytic enzymes. 

., he nteavaqe of the wu-prot«in xnco two 
large fronts of ann.no acid residues 1 to 151 and 
^4 to 352 and the dipeptide, Ser-Arg, may foe 
accomolishea. using either one of the arginine-speoxiic 
, 0 proteolytic en.y»as such a. thrown (EC 3.4.U) 

scribed recently (*oly a* ai. f 1989, ^ ee,l *x«x.. 
IM^Bt-KM) or clostridiopeptide.se B (clostrapam) 
fET. 1.4.4.20). The preferred etsbodl^ent. uses 
c^stripain because the enzyme is a suiphydryl en*y«. 
15 requiring calcic ions for full activity. 
Consequently, its activity can be terminated 
conveniently by the addition of excess iodaaceta.xda 
and ethylene glycol-Dis (0-aminoethyl ether) H,*.^ 
N < F -tetraacetic acid (EGTA) . Xn the case oil either 

*.* « rt ««-r»t-r-aM«r tau-protein is adjusted 
20 protease the. conc^^aa....^ * 

to 100 M q/*1 before beginning the digestion. Iurxfx*u 
rrtostripain is used at a concentration of 4 
international unite/el In the following buffer (SO *H 
phosphate buffer pH 7.7, l ^ /S-aercaptoethanol , and , 
25 ^ calcium acetate) . Soybean trypsin inhibitor 

(clostxipain/inhibitor tnolar ratio - 10/1) is added xn 
order to eliminate any s»all residual trypsin active 
in eo«ciaIiy available preparations of the w*. 
The cleavaoe reaction is conducted at 37-C and ,s 
30 Wna ted bv the addition of a sufficient, volume or a 
SOD m Stock solution EGTA, pH 7.7, containing 100 »C 
iodoaceti»ide to give a fiaal concentration of 2 a* 
fgt& in the protease reaction suture- The exact M e 
Required for proteolysis varies with each taa-protem 
35 and markedly depends upon the batch of clostripa.n 
u^h. -Therefore, the opcira tiiae for a single 
cleavage. must be determined for each combination of 
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clos tripsin batch and fcau-protein used. The time 
course of the cleavage reaction is determined by 
conducting the reaction as described above, but. on a 
20 ul voltme and assaying the cleavage reaction by 
s subjecting sanplcs at various times to sodium dodecyl 
sulphate poiyacryl amide gel electrophoresis (SOS PAGE) 
according to the tnethod of Lae-mmli,. (Nature, .1970, 
227:630-664} as modified by Studier, ScL . . 176:367-376 
(1272) using a 10% (w/vj polyaerylasdde resolving gel 
10 followed by Serva blue staining and detaining in the 
usual manner of anyone latdltar with the art. 

The two large tau~pe.pt ide fragments; 
resulting from either thrombin or clostripaxn 
proteolysis isay be further cleaved by digestion with 
15 trypsin, which cleaves on the. carboxy terminus of 
lysine or atginine residues. See for example,, the 
techniques described in Currant Protocols in Hol&cular 
Biology, Ausubcl et sl„, Green Publish, Assoc. $ Wiley 
Interacience, Ch. 10, 
20 » rhe sequence of taa-peptides derived fro* 

proteolytic digestion may be identified using th& 
Sdman degradation method of protein seguencing. This 
method sequentially removes one amino acid residue at 
a time fro& the araino terminal end of a peptide for 
25 subsequent sequence identj fication by chromatographic 
procedures. See for example, the techniques described 
in Konigsteerg and Steimnan, 1977, Strategy and Methods 
of Sequence Analysis, in Keurath and Hill (cds.), 
Proteins (3rd ed.) vol. 3, pp. 1-178, Academic Press. 
30 In addition, sequence analysis of tau-peptides may be 
accelerated by using an automated liquid phase a*ino 
acid sequenator following recently described 
techniques (Hawick et ai . , 1381, J. Bioi - Che®., 
2S«:799a-7997; Stein and Undafriend, 19B4, Anaiy. 
35 Ch&nu, 136 5 7-33), thereby a I. lowing for the analysis of 
picoraolar quantities of tau~peptides containing up to 
50 amino acid residues in length. 
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Tau-peptides can also be produced by 
chenical synthesis of the amino acid sequence of a 
t*u~protein (Goedert «t al . , 1988, Proc. Natl. Acad- 
s;ci. USA, ssi 405l-4055) f as predicted fro* the cloning 
and sequencing of a cD*A coding for a tau-protein. 
This tau-protein sequence information may foe utilxzeo 
to oredict the appropriate amino and earboxy terminal 
ta^peotides to be chemically synthesis* using 
standard peptide synthesis methods Know* in the art. 
These methods include a solid-phase method devised by 
E B-nce Kerr if laid, (Ezickson and Herri field, "Solio- 
Phase Peptide Synthesis", in The Proteins, Volume 2, 
H. jreuratb & R. Hill (eds.) Academic Press, 1: 
; Yo^Jc pp. 255-257; Merri field, 1986, "Solid pfc 
synthesis", Science, 242*341-347}. In the sc 
method, amino acids are added stepwise to. a c 
pepti.de. chain that is linked to an insoluble 
such as polystyrene beads. A aajor advantag 
3 method is that the desired product at each * 
bound to beads that can be rapidly filtered 
and. thus the need to purify intermediates is ofovxated. 
All of the. reactions are carried out in a single 
vessel, which eliminates losses due to repeated 
5 transfers of products. This solid phase method of 
chemical peptide synthesis can readily be automated 
F aking it feasible to routinely synthesize peptides 
containing about BO residues in good yield and purity 
(Stewart and Young, 1984, Solid Phase Pentads 
;0 s yrithfisi s, 2nd ed., Pierce Chemical Co.; Ta* et ah, 
2S « 3 * T « A». Cha». Soc.. 105:64425. For example, tau- 
peptides corresponding to amino acid residues 1 to 30 
and 331 to 3£ 
synthesized. 



; depicted in Figure 1 could be 
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CLONING AW» EXPRESSION OF EECOHBXKABT 
TSn-gROT Kl Sfg k SD/OR TAP -g*GBEIBg£ 

The: production of tau~peptides can further 
be achieved by recombinant DNA technology- For 
example, appropriate tau nucleotide, coding sequences 
S may he synthesized, cloned and expressed in 
appropriate host cells, since the DNA sequence 
encoding for a tau~protein is known (Goeddert et: al. ( 
1988, Proc. .Natl. Acad, Sei < , USA 8S : 4051-4055) , ONA 
probes may toe synthesized by standard -methods known in 
10 the art to screen c»NA libraries prepared frosa brain 
tissue of Alsheimer ' s disease patients tor the 
specific tan-protein cONA's. These QUA probes can 
further he used to isolate the. entire family of fcau~ 
protein genes from these cDHR libraries using methods 
which are well known to those skilled in the art. 
See, for example, the techniques described in Kaniatis 
et 1982, Molecular Cloning A Laboratory Manual , 

Cold Spring Harbor Laboratory , K . X - , Chapter ? . 

The polymerase chain reaction (PGR) 
technique can be utilized to amplify the individual 
weavers of the tau family i : c*r subsequent cloning and 
expression of ta«~pro*ein cONAs {e.g., see «.s. patent 
numbers 4,683,202? 4,683,195; 4,889,818? Gyl lens ten et 
-? s ai., 1388, Proc. ffafi Acad. Sci. 8S:7652-7<»S6; 
Oehman et al., 1988, Genetics, 120: 621-623 ; Triglia et 
ai., 1988, &-c.L Acids. 2*3*., IS : 8156; Frohinan et al . , 
198S , Free, ffafc'i .Acad. Sci. USA, 8S; 8998-9003 ; Loh et 
ai . , 1989 , Science , 2 43; 217-220 J , 
30 Kethods which arc veil Known to those 

skilled in the art can he used to construct expression 
vectors containing tau- proteins or fragments thereof 
coding sequences and appropriate 

transcript iona 1 / trans ia t iona 1 cont.ro 1 s i gna Is . These 
35 methods include in vitro recombinant DKA techniques, 
synthetic techniques and in vivo recombination/genetic 
recombination. See, for example, the techniques 
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described in Maniatis et al . , 1932, Molecule Cloning 
A laboratory Manual., Cold Spring Harbor Labor acory, 

21. y A , Chapter 12 - 

A varies of host-expression vector system 
r< wav be utilised to express tau-proteins or fragments 
-Hereof. These include but are not limited to 
^croorqanisms such as bacteria tr«j»for~d with 
recombinant bacteriophage DMA, plas»id DF ? , or eosmid 
m * expression vectors containing a coding sequence 
for a fcaa-arotein or fragment thereof; yeast 
" transformed with recombinant yeast expression vectors 
cnntalninc? a coding sequence for a tan-protein or 
fragment thereof? insect cell systems infected vith 
recombinant virus expression vectors (e.g., 
15 baculovirus) containing a coding sequence for a *au- 
protein or fragaent thereof; or animal cell system 
infected with recombinant virus expression vectors 
( V.*.. adenovirus, vaccinia virus) containing a coding 
sequence for a ta^protein or fragment thereof 
20 " Th e expression elects of these vectors 

vary in their strength and specificities. Depending 
on ihe host/vector system utilised, any of a number oi 
citable transcription and translation elements, 
including constitutive and inducible promoters, ®ay ne 
25 « se d in the expression vector, For example, when 

doninq in bacterial system, inducible promoters such 
as pT. of bacteriophage X F plac, ptr Pf ptac (ptrp-lac 
bvbrid promoter} ana the li*e may be used? when 
cloning in insect cell systems, promoters such as tne 
» b8CU lov.irus polyhedrin promoter may be used? when 
nlonina in *a«lian cell systems, promoters sucn as 
the adenovirus late promoter or the vaccinia va.ru* 
7.5* promoter may be used. Procters produced by 
recombinant DH& or synthetic techniques may also be 
35 to provide tor transcription of the inserted 

codino sequence for , taa-protein or fragmnt thereat 
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In yeast, a number of vectors containing 
constitutive or inducible promoters Jsay be used. For 
8 review see, Current Protocols in Molecular Biology, 
Vol. 2, 1988, Ed. Ausuhsl • * al.„ Gre«r,e Publish. 
* Assoc, & Wiley Interscience Ch. 13; Grant *t ai . , 
1987, Expression and Secretion Vectors for Xeast, in 
methods in Eiwyaology, fids. & Grossman, 1987, Acad. 
PrMSf M . Y ., Vol. ,< FP- 5X6-544; Glover, 1986, DM 
Cloning, Vol. XI, IR" Press, Wash.. B.C. oh. 3; and 
<0 Bitter, 1987, Heterologous Gene Expression in Yeast, 
" Methods in En^oiogy, Eds. Berqer & Ki»i, Acad- 
Press, Vol. 152, pp. 673-684; and The Molecular 

Biology of the Yeast saccharoaycea, 1982, Eds. 
Stratfcarn et Cold Spring Harbor Press, Vols. I 

IS and IT. For complementation assays in yeast, cDHAs 
for taa-proteins or fragments thereof be cloned 

into yeast episomal plasmids (YSp) -which replicate 
autonomously in yeast due to the presence of the yeast 
2u circle. The tat? -protein or fragment thereof 
20 sequence may he cloned behind either a constitutive 
yeast promoter such as AOB or LEU2 or an inducible 
Promoter such as GAL (Cloning in yeast, Cbpt. 3, K > 
Roths te in in; DHA Cloning Vol. 11, A Practical 
Approach, Bd. DM Glover, 1986, XRL Press, Wash. , 
25 D.cj, Constructs amy contain the 5 ! and 3* non- 
translated regions of a cognate tau-protein m*HA or 
those corresponding to a yeast gene. Y Bp plasxaids 
transfers; at high efficiency and the plastics are 
extremely stable- Alternatively vectors stay be used 
30 vhich promote integration of foreign DNA sequences 
into the yeast chromosome. 

A particularly good expression system which 
could foe used to express fcau-proteins or fragments 
thereof is an insect system In one such system 
35 Mtographa California nuclear polyhidrosis virus 

(AcNPV) is used as a vector to express foreign genes. 
•The virus grows in Spodoptvr* frugipzrda cells- The 
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fa^-prctein or fragment hereof coding sequer.ce ? «ay he 
n laP p d <nto non-essential regions (for example the 
polvbedrin gene) of the virus and placed under control 
l n Ac »fv Drover (for example the polyheown 
8 promoter*, successful insertion of the polyhadrm 
L, results in production of non-occlude* recount 
Ci^ virus lacking the proteinases coat. 

^ for by the polyhedrin gene) . These recombinant 
v?ru ^n are then ussd to infect 5podopto frug,^a 
10 cells in vhich the inserted gene is expressed. 
see Smith et al., 1**3, S " Atn ' 
Patent NO . 4,2 13 , 051) - 

r. cases where an adenovirus is usea as an 
^^on vector, the tau-protein or fragrant, thereof 
15 oodin* sequence may be lifted to an adenovirus 

Manser lotion/translation control complex, e.g., <** 
W promoter and tripartite leader sequence, Tius 
chimeric gene Bay then he inserted in the adenovirus 
genome by in vivo or in vitro recombination. 
20 Trsertion in a nonessential region of the vxrai 
q eno,e (e.g., region El or £3} will result in a 

« *■*■.»*■ i« viable and capable or 

recombinant virtfo tha*. a- 

expressing- the tau-protein of fragment thereof m 

infected hosts. (e.g.. See Logan 4c Shenk, l«4 . **oc. 

25 ^ Acad. 81*36*5-3659). Alternatives , 

the vaccinia 7.5K promoter »ay toe used. 

^cK— et aJU, 1982. Proc. Rati. .Acad, fid., 

Vt^4K-74i9; Kackett et al., 13*4, J. virol 

- ^ «i iQP2, Proc. Satl. Acad, Sci. f 

SS4; Fanxcaix et «.l- f -.y*.** * 

30 79:4927-4931} - 

«*p**«ific initiation signals »ay also b* 
required for efficient translation of the inserted 
tau-protein or fragment thereof coding sequences 
The- signals include the AT* initiation codon and 

35 adiacent" sequences. In cases where the entire tau- 
™in ^ including its ovn initiation codon and 
decent fences, are inserted into the appropriate 
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.w«.*«wi©n vectors, no additional translations! 
control signals may be reeded. However, in case,. 
wb*r«> only a Portion of the tea-protein coding 
■wenre is inserted , exogenous transitional control 
r Canals, including the ATG initiation codon, must be 
" raided. Furthermore, the initiation codon must be 
'in ohase with the reading fra»e of the tau-protein or 
fragment thereof coding sequence to ensure translation 
of the entire insert. These exogenous translate! 
, 0 oontrol signals and initiation codon* can be ox a 
~ var iety of origins, both natural and synthetic, Tne 
«ffi«i«ncv of expression may to® enhanced by the 
inclusion of appropriate transcription enhancer 
elements, transcription terminators, etc. (see Bitter 
i* et al>, 1S87, Methods in EmyxuoU , 153 ; 516-544 ) < 

In addition, a host ceil strain may be . 
chosen vhich modulate., the expression of the inserted 
^cusn^s, or modifies and processes the gene product 
, n *the specific fashion desired. Expression driven by 
20 certain promoters can be elevated in the presence of 
certain inducers, (e.g., sine and cadmium ions for 
m-tallothionein promoters). Therefore, expression or 
t *„ genetically engineered tau-protein or fragment 
thereof *ay be controlled. This is important; if the 
35 protein product of the cloned foreign gene is lethal 
to host cells. Furthermore, modifications 
olvcosylation) and processing (e.g., cleavage.} of 
protein products Bay be important for the function of 
L e nror.ein. Different host cells have characteristic 
30 and specific mechanises for the post-trans 1 at ion a 1 
processing and modification of proteins. Appropriate 
cell lines or host systems can be chosen to ensure the 
correct modification and processing of the foreign 

protein expressed. 
35 " , yhe host ceils W hich contain the tau-protein 

or fragment thereof coding sequence and which express 
the biologically active tau-protein or fragment 
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thereof gene product, xaay be identified by at least 

four general approaches {a} DKA-DNA hybridation; 

ft* the presence or absence or "marker- gene 

' ' , ; ,^.,^ r -n th«» \«vel of transcription as 

functions? {cj as^e^s^^ J " vv - 

^^ured bv expression of cau~ P rorein aRHA transcripts 
in host cell.; ana (d) detection at tau-protein -gene 
products as assured by immunoassays or by xts 
biological activity- 

in the first approach, the presence ox tne 
t*u~p-o*ein or fragment, thereof coding sequence 
' i^seried in the expression vector can be detected by 
"OHA-OKA. hybridization using probes comprising 
nucleotide sequences that are homologous to the tao- 
r -o^v coding sequence or particular portions thereo* 
, substantially as described recently (Goeddert et aX., 
„88, Proc. ffatl. Acad. Sex. 05A, 85: 4051-40b:>, . 

in the second approach,, the recombinant 
session vector/host system can be identified and ^ 
fleeted based upon r,he presence cr absence of certain 
, aeae functions (e.g., thyrsi din* Kinase 

activity/ resistance to antibiotics, resistance to 
methotrexate,, transformation phenotype, occlusion boay 
*er*ation in bacuiovirus, etc.), For sample, xx the 
tati-orotein or fragment thereof coding sequence xs 
■5 verted vithin a marker gen, sequence of the vector, 
leor-hinnnts containing the ta«~protsin or .fragment 
thereof coding sequence can be identified by the 
absence of the aarXsr gene function. Alternatively, a 
Hs^r gene can be placed in tandem wxta the ta»~ 
30 protain or fragment thereof coding sequence under the 
cor—ci of the same or different promoter need to 
cnt-ol the egression of the t«n ceding sequence, 
-session of the marker in response to inaction or 
selection indicates expression of the tau-protein 

coding sequence. 

In the third approach, transcript.xor.ai 
activity for the tau-protein or fragment thereof 
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codinq region can he assessed by hybridization as^ys, 
For exaaple, RHA can be isolated and analyzed by 
Northern blot using a probe homologous to the tau- 
protein or fragment thereof coding sequence or 
, particular portions thereof substantially as described 
<Goed<lert et al . , 1988, Proc. Natl . Acad. Sci . USA, 
«: 4091-4059). Alternatively, total nucleic acids of 
the host cell be extracted and assayed for 

hybridization to such probes. 

In the fourth approach, the expression of 
the fcau-protsin or fragment thereof product can foe 
assessed immunologically, for example by Western 
blots, immunoassays such as radioiamur.opr scipitat ion , 
enay»e- linked immunoassays and the like, 
15 once a recombinant that expresses a tan- 

protein or fragment, thereof is identified, the gene 
product should be analyzed. This can be achieved by- 
assays based on the physical, immunological or 
functional properties of the product. 
20 A tau-protein or fragment thereof should be. 

imnoxeactive whether it results fro* the expression 
of the entire gene sequence, a portion, of the gene 
sequences or from two or »ore gene sequences which are 
lighted to direct the production of chimeric proteins. 
25 This reactivity say be demonstrated by standard 
immunological techniques, such as 

radioimmunoprecipifcation, radioimmune competition, or 
imsiunoblats. 

30 s .2 fiEUEKKTIOH OF MX BOD IBS THAT 

tt£1?XKE TAV-m vTivm. 

Various procedures known in the art xnay be 
used for the production of antibodies to epitopes of 
the tan-protein. Such antibodies include but are not 
36 limited to polyclonal, raclonal , chimeric, single 
chain, Fab fragments and an Fab expression library. 
For the production of antibodies, various host animals 
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«, be ionised by injection with a partita, t«- 

^in, or a sy^etic tau-pepti de , inoiunxoo ~<- 

. . ... etc. various 

United to rabbits, tnl.,e, r-_, i» ^ 

adlavants nay be us,ed to .,*.ri—>«. , 

- response , depending on ..he no~~ ...p 

" not lilted to ««ma<. C«»*l.f — P letB) ' 
such as air,™ hydroxide, 
active substances such as lysclecithin 
polvols, poiyanions, peptides, oii «»>^ 
H»«t hamocyanin, dinitrophonol, and pocentralij 
' „ s ; f ,,T i« adjuvants »«* as ECG (bacllls 
Guerin) and coryneiactariar. ptrmm. 

Monoclonal antibodies to peptroes er i,a> 
b . „reeared by using any technique «M* Prides for 
^"production of antibody aolacules by continuous 
lines in culture. These include but are not 
lipited to the hybridoma technique originally 
described by Kohier ar.d «U^i», 1375 ' 

iu.^s-Wl. the .ore. recent human 6-cell hynndc 
20 technic^ (Kosher «t ai . , 1983, X B .«noio 9 y Koay, 
4 ..72) and the. EEV-nybridca technic (Cole. «t a, 
,«,.*, Motional MstUKti** «* <*»~* *"» 

Liss, inc., PP. 77-96). m an additional 
e,bodi.,er.t of the. invention -noclowl antibodies 
8 ,„ecifie to tau-peptides «y be produced in 

;„^1 S utilise- recent technoio.y (PCT/^O/O^ . 
Recording to the invention, hu,ar, antibodies .ay be 
,ssd and can be obtained by usin, bosao , 
fC c.te at a!., ««, ««. ».«• — • *»;< "l^, 
30 „ 0 , 01 or bv transform! n, human 3 cells with cEv vi.t- 
, . oor s„ "onocional Antibodies 
iu vitro (Cole et al. , -'••■< 

„.c Cancer Therapy, Alan a. Liss, pp. 77-96 ( . ^ 
; act , according to the. invention, technics oeveropeu 
f or the Production ot -cM-rlc antibodies" (Horrrson 
35 ,t a!., 19M. Proc. Sati. ««. .i^Si-*^; 
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yd a et 



Nature , 



314:452-454) by splicing the genes 
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from 



Mse antibody xaolecuie of appropriate antigen 
specificity together with genes from a human antibody 
molecule of appropriate biological activity can be 
used; such antibodies are within the scope of this 
5 invention. 

According to the invention, techniques 
described for the production of single chain 
antibodies (U.S. Patent 4,946,778} can be adapted to 
produce tau~pcptide~specific single chain antibodies. 
^ " An additional embodiment of the .invention 

utilizes the techniques described for the construction 
of Fab expression libraries (Huse at al . , 1983, 
Science, 24«: 1275-1281} to allow rapid and easy 
identification of monoclonal Fab fragments with the 
15, desired specificity to tau -pep tides, 

Antibody fragments which contain specific 
binding sites of tau-p«ptidf» aay be generated by 
known techniques. For example, such fragments include 
but are not limited to: the F(ah<), fragments which can 
20 be produced by pepsin digestion of the antibody 

molecule and the Fab fragments which car, be generated 
by reducing the disulfide bridges of the F{afaM* 
fragments , 
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S.3 DIAGNOSTIC ASSAYS AKB KITS FOE 



Yet another purpose of the present invention 
is to provide reagents for use in diagnostic assays 
for the detection of tau -peptides from individuals 

30 suffering from Alzheimer's disease. 

In one mode of this embodiment, tau~peptides 
«f the present invention may be used as antigens in 
immunoassays for the detection of those individuals 
suffering from Alzheimer's disease. The proteins,. 

36 polypeptides and peptides of the present invention may 
foe used in any immunoassay system known in the. art 
including., but not limited to; radioimmunoassays, 
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, ,^4- -.^av "sandwich" assays., 
^vjae-littkacl i»nosorb^t ^->~ay , e ^ 
^V:piU.n reactions. *•! dlffa-ion „unod^«*xo« 
Z^. agalutinatian assays, fluorescent 

* ' ,-r-*-Mn » i«u8unoassays and 

*——•»•* PI " to na»e but « o.«- 

6 i^unoelectrophores,*, * „ pd therai!! also 

Patent Bo. 4,629,783 ana pate ^-t.. 

ascribe suitable assays. 

According to the present invention 
.onocl**! or po^ional antics P~*»^ 

„ _ f the taa-orotein, can we ustJ -J* 

10 varxous — ^ ^ of blood , spinal fluid or other 
immunoassay on m^^- ^ , lrhe i»er«s 
body fluid to diagno^ patients **U. -I.* 



disease - 



in practicing tt. invention, a «-pl« - 

r»-»-l*»nt ijv venesection an-* 
5 blood is reeved xro» the p**i-t* , 

" s Uvea ^ - Patient b, »-« p^- 
** antibodies describe ir. Seotxon ... 
W - >.,-(- reawts in a number °'~ 

,,„, Ka v be usea as toe bd=.i-. Mt-n 

"•"P'** 1 . „„ -o drtar»ine the presence ot « 

different iwnoassoys. „o «-< — 

p Uiar ^* *» » <* ^. ^ 

G ener.al.i y spaaWng, the antibodies ca„ be 

» - -* w :;!.r"-"botb „. 

qualitative or quanta 



site 



tvo^^sandwioh assay and the single 

„„- v 0 , the .on-competitive type, as 
UBBunoass^y t.*e 



traditional competitive binding assays, 
30 particularly preferred, for e 

detection, and it, quantitative nature, 



the 



.etection, ana ^ m—- 

■■ • ^- ^ubl<> antibody assay* ^ 
«*»«.. o. o,u. « a int e.r,aea to be 

of variations - ■*■•»- 

, * „ vvv-^fiient invention < 
^^^ririn a tVPical ior.ard — C 

Mr^U-X^ *ntibody is i^nabilitad on a so,io 
ass5 v, an.aU.lcc . ; v « Us , and the 

substrate, tai«-o~^=-* p. ■■ 
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suurolft to he tested is brought into contact with thfc 
bound molecule. After a suitable period of 
Incubation, for a period or time sufficient to allow 
formation oi an antibody-antigen binary complex, a 
««cxmd antibody, labelled with a reporter molecule 
, ?p ,M, of inducing a detectable signal, is then added 
and incubation is continued allowing sufficient time 
for binding with the antigen at a different site and 
the formation of a ternary complex of antibody- 
antigen- labeled antibody. Any impacted, material ie 
washed away, and the presence of the antigen is 
determined bv observation of a signal, which may be 
quantitated by comparison with a control sample 
containing Known counts of antigen. Variations on 
the forward sandwich assay include the simultaneous 
assay, in which both sample and antibody are added 
simultaneously to the bound antibody, or a reverse 
«andtfich assay in which the labelled antibody and 
sample to be tested are first combined, incubated and 
, adao <5 to the unlabel led surface bound antibody. These 
techniques are well known to those billed in the art, 
and the possibility of minor variations will be 
readily apparent. As used herein, "sandwich assay" is 
intended to encompass all variations on the basic two- 
» site techniqoe, 

For the sandwich assays of the present 
invention, the only limiting factor is that both 
antibodies have different binding specificities for 
the tau -Peptide. Thus, a number of possible 
0 combinations are possible, 

&s a wore specific example, in a typical 
forward sandwich assay, a primary antibody is either 
covalentiy or passively bound to a solid support. The 
solid surface is usually glass or a polymer, the most 
® commonly used polymers being cellulose., 

polvacrvlamide, nylon, polystyrene, poiyvinylohlorid* 
or ooivpropylenc The solid supports may be in the 
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Si , or ^ eroplaT.es, or ar>y 

for^ of tunes, a&<*i*u t ? - r - u ~ * 

^,,,ces suitable for conducting an immunoassay . 
ihe binding processes are veil known in the art^ 
F „ W ing binding, the solid phase -antibody co,p,.ex is 
F ' „;., r f ^ the t*st sample* An aliquot: 

f VF«*hed in preparar.io.n to., v-nt- w..«<- 

* ^ the body fluid containing «» «~p*U»~ ~ , 

te-ted is then added to the s»IM *■•* ^ 
iiated at. 2 S.C tor a period * «~ " 
,,10,- binding of « tau-peptlde present t.., t*> 
,„ antibody specific for tan-peptide. The sacono 

„tU,odv is then added to the .olid phase co 3P lex a„„ 



•the 



instated at 25-c for an additional p»ioo ax ex... 
-K-iort to allow the second antibody to Dim. to 
prirarv antibody-antigen solid phase ««.!«*. *>» 
,« ^ond'antibody is linked to a reporter „*~«i., «,e 
" viable. sianal o£ which U used to indicate tne 

Mndim of the second antibody to any antigen «. «. 

w "reporter „olecaie», «s used *» tn<! 
^ .ent eviction is »eant a «X«a- vH» by ,t, 
» epical nature, provides an analytical deteccaole 
.tonal which .1,* the detection «* antigen-r,onno 
-ntibo*. Detection Bust be at least relatively 

;::t.tiaabie, ♦» * « *• 

anttaen in the sample, this nay be calculate » 
» absolute ter,„s, or ,av- be done i, co.parason a 
standard (or series oi standards) cental a 
normal level of antigen. 

Th* isost comaonly used reporter *olecal«* 
tvpe of assay are either .n*y~» or fluoroses. 
30 r T case of an enzyme immunoassay an sn A >«.e 

;^;;ated *, ^ ^ o£ 

alutaraWe or periodat*. A. will be read.i, 
recede*, ho~ a wi*e variety of dxt ^ 
conization techniques exist, «uch *re 
; u ;- s ;iued artisan, ™ly used en^es xnoi.de 
ho^radish peroxidase, glucose oxidase, 0- 
aalactosidase and aikaiine phosphatase., aniong ot.er^ 
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The substrates to be used with the specific cn=y»es 
are generally chosen for the production, upon 
hydrolysis by the corresponding enzyme, of & 
detectable oolor change- For example, p-nitrophenyi 
r, phosphate is suitable for use with a3fcalino 

phosphatase conjugates; for peroxidase conjugates, 
1,.2-Fhenyle.nedia^ine or toluidine are commonly used. 
It i~s aloe possible to employ fluorogenic substrates,, 
which yield a fluorescent product rather than tne 
t0 chrosogenlc substrates noted above, in ail cases, tne 
enzyme-labelled antibody is added to the first 
antihody~tau~peptido complex and allowed to bxna to 
the complex, then the excess reagent is washed sway, 
A solution containing the appropriate substrata is 
1? then added to the. tertiary complex of antibody- 

antigen-labelled antibody. The substrate reacts with 
the enzyme linked to the second antibody, giving a 
qualitative visual signal, which may b* further 
quant i tared, usually spectrophotosaetrically , to give 
20 an evaluation of the amount of antigen vhich is 
present in the serum sample. 

Alternately, fluorescent compounds, such ass 
fluorescein or rhodamine, may be chemically coupled to 
antibodies without altering their binding capacity, 
25 when activated by .illumination with light of a 
part icu Xsr wave 1 eng t fc , the £ 1 uorochrome -labelled 
"antibody absorbs the light energy, inducing a state of 
excitability in the molecule, followed by emission of 
the light, at a characteristic longer wavelength. The 
30 emission appears as a characteristic color visually 
detectable with a light, microscope. As in the enzyme 
immunoassay {EI A} , the fluorescent-labelled antirody 
is allowed to bind to tns first antifoody-tati -peptide 
complex. After washing the unbound reagent, the 
35 remaining ternary cornier is then exposed to light of 
the appropriate wavelength, and the fluorescence 
observed indicates chft presence, of the antigen. 
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Immunofluorescence and CCA techniques are .both very 

established in the art and are particularly 
preferred far the present method. However, ataer 
reporter molecules, such as radioisotopes., 
,*e*ilu*inescent or bicluminesccnt molecules »ay also 
b*» Gloved. It will be readily parent to the 
skilled artisan how to vary the procedure to suit the 
required «se* 

Alternatively, the sample to he tested 
either » blood or spinal fluid containing the tm~ 
' peptide ^y be used in a single site itnt.uno.ssay 
herein it is adhered to a solid substrate either 
c^lently or noncovalently . An unlabeled anti-tau- 
peptide antibody is brought into contact with the 
«ZK P le bound on the solid substrate. After a surtaole 
period of incubation, for a period of time sufficient 
'to allow formation of an antibody-antigen binary 

a second antibody, labelled with a reporter 
■oiioO* capable of inducing a detectable signal., is 
n tlx»n added and incubation is continued allowing 

««r*ic««t time for the formation at a ternary complex 
of antioen^ntihody-labeled antibody. For the single 
site iauaunassay, the second antibody may be a genera, 
antibody (i.e., xenogeneic antibody to immunoglobulin, 
■E p:sr . Hc -ntarly anti-(IgK and IgG) XinKad to a reporter 
molecule) that is capable of binding an antibody ttet 
j<5 specific for the tm -peptide of interest. 

Alternatively, the purified tau -proteins or 
•fragments thereof, described in Section 5.1, supra, 
» w * y be. used in a diagnostic assay to detect 

oWatiaa anti-tau-peptide autoantibodies wherein 
n-v are adhered to a solid support either covalenr.,v 
or non-covalentiv. The sample, either human blued or 
soinai fluid diluted in an appropriately bufierea 
" S sodium, is added to the solid support and a sufficient 
ti»e"\s allowed for complex formation between the tau- 
carets ins or fragments thereof and any cognate 



WO 93/033f# 



PCT/IJS92/86382 



autoantibodies in the sample- The supernatant is 
removed and the solid support is washed to remove any 
non-*pecificaliy bound proteins- To the complex may 
be added xenogeneic antisera to human immunoglobulin, 
particularly anc-i- (human Ig M and Ig G) in an 
appropriately buffered medium. The xenogeneic 
antissra will normally be labeled with a reporter 
molecule as described above for the forward sandwich 
assay. instead ot xenogeneic antissra, proteins 
specific tax the immune complex may be employed, e.g., 
5, aureus protein A, The lafaea may then be defected 
as described above for the forward sandwich assay, 

6* EJCMGPLE: FRODUCTIOM ftHD PURIFICATION OF 

IMH?*a§^&JSlU!^ 

€.1, PimiFICATIOK OF MICROTUBULES TROM 

BOVTHE BRAIK BY TEK CYCLE FROCEDWRK 

&s a sobrce of ia^rra, bhxsiologicrllx 

The cycle purification of microtubules from 
, bovine brain was performed in the presence of 
guanos ine triphosphate and low concentrations of 
magnesium ions in order to obtain high ratios of 
microtubule associated proteins to tubulin. This 
cycle-purification was carried out in five separate 
, steps according to & modification of. the method 
described by &snes & Wilson, (1979, Anal. Biochejn., 
$8; 64-73 ) - 

Seep (1) Tx;sin£r<ox^ Eight 
bovine brains (approximately 350 cram <g) each) v;«re 

0 removed, cut into pieces, placed in ice-cold transport 
buffer 120 mM phosphoric acid (adjusted to pFi 6,75 
with 2H HaOHJ 100 jsM sodium carbamate, 300 mft sucrose] 
containing ice cubes made from transport buffer and 
transported in an ice bucket from the abattoir to the 

5 laboratory. The meninges., superficial blood vessels 
and the majority of the white matter was removed and 
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discarded. The raining brain tissue ( approximately 
1200 g> was drained and weighed. 

Step {2} HoEogmi.«.4.tki,eD.- The selected brain 
tissue was dispersed using two separate maneuvers 
sequentially. The weighed brain tissue from step U) 
wa- passed ones through a domestic electric mincer and 
added to hemoqeniaation buffer [200 «H phosphoric acid 
(adjusted to pH 6.75 with 2 H KaOH) > 100 mM sodium 
gintapate, 300 «M sucrose, 4 tfH ^ercaptoetnanol, 0.3 

phenvlinethanesulphonylfluoride (PHSF) (stock 
solution, 100 riH in duwAhylforaawide (OHF) ) , 0.3 «M 
Na-n-tosy l-l-lys ins chlowmethylketone (TLCK) 
prepared in FKSF stock solution) , 50 M<?/*X leupsptin, 
few crystals of catalasej (at 0«C and at a 
, concentration of 1.5 ml buffer / q tissue}. The 

material was dispersed by gentle stirring with a glass 
rod. The resulting suspension was then homogenized in 
♦ fc^e inches with two coiaplete strokes (up and down 
twice for each batch separately! of a motor driven 1 
3 liter (It) glass {2.2 inch diameter x 18 inch lung) 
potter - Elvehjew ho^ogeniser fitted with a 2 men 
long teflon pest is (0.OOS inch clearance) at 0«C. 

Step (3) fir st Cvcla. : Approximately 3000 ml 
of the honoqenate was added to twelve 250 ml plastic 
5 centrifuge tubes and centrifuge at 27,880 g (13,000 
rpe in two Sorval RCSB preparative centrifuges 
containing two GSfc rotors preceded to 3°C) for 53 
»i»utes at G~4«C. " The supernatant* were carefully 
removed, combined and cofactor buffer 12.5 mM GTP, 
0 mH mci„ 1.0 *K EGTA (10 x stock solution adjusted t,: 
P H 6.75 at 0»C with HaQH) j prepared in h emog en; i a at ion 
buffer was added. The solution was mixed and then 
anoroxinateiy 1L portions together with a glass 
thermometer was placed in separate poiyethene sleeve. 
55 (io inch x 14 inch) and heat sealed. The loaded 
sleeves were gently agitated in a 50 -c water bath 
until the temperature of their contents reached 30 >C 
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whereupon they were immediately transferred to a 30*C 
water bath where the incubation continued without 
further agitation for the remainder of a total period 
of 30 rsinutssv Assembly was followed visecusetriealiy 
s; using calibrated .100 -size Cannon Ubbleohde class 
viscometers. Approximate ly 2400 mi of the assexablsd 
extract vas transferred to .12 clean 3 50 yal plastic 
centrifuge jars and centrifuged at 27 , 880 g {13,000 
rpjs in two Sorvai KC5B preparative centrifuges 
10 containing two Sorvai GSA rotors prewar^sd to 30«C) 

for 42 minutes at 30*C. The supernatant was; carefully 
removed with an aspirator and its volume was measured, 
recorded and discarded. 

Step (4) ^.cgnd..Cvc,ie: The tins! pellet from 
15 the first cycle was resuspended in ice-cold 

hojsogeni nation buffer without sucrose {10% of volume 
of the supernatant £ra«! the first cycle) using a 
preceded mail Dounce hoinageniaer. Approximately 
220 rsl of the resuspended pellet was incubated at 0*C 
20 for 30 sainut&s, added to six 36 ml plastic centrifuge 
tubas, and centrifuged at 39,000 g (14,627 rpra in a 
Sorvai OTD centrifuge containing a Sorvai rotor 
preceded to 3*C) for 40 minutes at 0 to 4«C, The 
supernatant was carefully transferred to a XL glass 
2S- conical flask and col actor buffer was added. The 
solution was mixed and gently swirled in the 50*C 
water bath until the temperature reached 3 0°C, The 
flack was then inaned lately transferred to a 30°C water 
bath where the incubation continued without further 
30 agitation for a total period of only 10 minutes. The 
extract was transferred to six 3 6 mi plastic 
centrifuge tubes and centrifuged at 39,000 g {14,726 
rpm in a Sorvai OTD ultracentrifuge containing a 
Sorvai AH-627 rotor) for 30 minutes at 30< : €. The 
* supernatant was removed carefully with an aspirator 
and its volume was measured and discarded- 
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Step (5} J.ftirO..Cvsie " ^ P eiIet frot?! 

the ««co*l cycl* wa, rosuspended in see-cold 
hoaoaeniaation buffer without sucrose (40*; of the 
voluie of the supernatant fro» the second cycle) 

r a clean precooled s^ll ^nce ho^oqeni^r. 

"* ^proximately 90 mi of resuspended pellet vas 

incubated at 0«C for 30 •!»*»«, transferred to three 
^ *\ tubes, and oentrifuged at 35,-000 g (14,726 rpm 
« n * so-val DTD ultrscentrifug* containing a Sorvai 
AB-S27 rotor with 30 ml buckets) for 40 minutes at 0 

4*C. Approximately 80 ml of supernatant was 
carefully transferred to a 500 ml glass conical flasfc 
and cofactor buffer «a* added. The solution «s m»u 
and gently swirled in the 5 0<C *ater bath until t«e 

15 temperature of the content, of the flask reacheo ,uc. 

Then the fla^ was Mediately transferred to tne 30*0 

vater bath where the incubation continued withour. 

further .aitation for a total period of SO minutes. 

The warn extract was transferred to six 17 ml plastic 

* '* ^wi-^ua^ a-t 29,000 q (Sorvai 

?0 cen.tr iluae tubes and cenu^a^ 

PTD centrifuge containing a Sorvai AH-827 rotor with 

•17 ml buckets) for 40 minutes at 30«C. The 

sunernatant was removed carefully with an aspirator 

discarded. Each tube contained a peixet of 

26 anuro,:iraately 140 «g of microtubule (VST) protein, 

(approximately S0% tubulin and 50% MAPS) and was 

stored at -70* C, 

IS0IATI0B OF WIT CLASS OT 

aBSOCXATED PROTEINS 

The total MAPS fraction of cycle purified 
microtubules was separated from tubulin by a 
modification of. the »ethod of Welngarten, <1975. Proa, 
^ Natl, Acarf. SO. «SA r 72,1858-1862)- K pellet ot 
" microtubules trot, the cycle purification method was 
resuspended using * —11 Dounce hoa^anizer in MB 



WO 93/«>3S69 



- 35 ~ 



buffer (0-1 M MES; I T»M EGTA; 0-5 KM MgCi >: and 1 iaM $~ 
jaercaptoethsmoi) so that, the resulting solution had an 
a bs or banco at 280 n® of 2.0 - 2<S and then 
depo lyrser i zed by incubation for 30 jnin at C*C The 
r s resulting solution was centriluged at 100,000 g for I 
hour and the pellet discarded- The supernatant was 
filtered through a 0.2 ja TBilipore filter and applied 
to a phosphocellulose column (1.1 cvx diaiaatsr x 2.6 a* 
length, 2.5 ml bed volume) that had previously been 
in equilibrated in KES buffer. Tubulin was eiuted with 
MES buffer in the. void volume of the column and when 
the absorbance of the eluate had returned to the 
baseline value, the total MAPS fraction was ©luted 
{either 0.1 or 0.2 ml fractions) with MES buffer 
15 containing 1.0 H FaCX and collected as a single 

complex peak of UV-afosorbing material that contained 
sralt ipi e prota i ns « 

The total MAPS fraction eiuted froja the 
phosphooelluiose column was issued lately desalted using 
20 the rapid Sephadesc G--2S centri f ligation jaethcd of 

Pensf sky (J< Biol. Che®*, 1977 ( 252:2891-2899) . The 
desalted total HA3>S fraction was stirred at 0° C and 
solid aiamoninja sulphate added until its eonentration 
reached 35% <w/v) . The stirring was continued for 30 
25 minutes and then the suspension was centrifuges at 
20,000 g for 15 minutes- The supernatant was removed 
and again stirred at 0° C and more solid ammonium 
sulphate added until its concentration reached 45% 
(w/v). After a further 15 minute stirring the 
3(5 suspension was again centriluged at 20,000 g for 15 
minutes and the supernatant discarded. The pellet 
from this last esntrifugation step was dissolved in 
Mes buffer and applied to a column of hydroxy apatite 
{1 cx» dia x 10 era length) and eiuted with Mess .buffer. 
35 The fractions containing only four closely spaced 
peptides of apparent Mr 4S,000 to 65., 000 by SOS -PAGE 
were combined. This total eiuted tau fraction was 
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reduced to a volume; of 1.0 sal vitb a sartor ius 
collodion membrane operated in water under reduced 
oressure, according to the instructions of the 
manufacturer, and then divided into 0.1 ml portions 
0.5 Bi plastic ainifuge tubes and stored at -20«C 

The invention is not limited to the 
embodiments described herein and way be modified or 
varied without departing from the scope of the 
in- vent ion » 
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-WHAT XS CLAIM ED IS 5 

1. A wathod for diagnosing, subtyping or 

monitoring Alzheimer's disease in a patient, 
s - comprising assaying a sample of body fluid obtained 
from the pari em., for the presence of a tau -peptide 
using either an anti-tau-peptide antibody or an anti- 
tau~pept.ide Fab fragment, wherein further the t,xu~ 
psptide is derived from proteolytic action on 
w neurofibrillary tangles resulting in fragments from 
the amino terminal 200 asdno acids or carbojry terminal 
SO aadno acids . 

2, A method for diagnosing, subtyping or 
15 monitoring Alzheimer's disease in a patient, 

comprising assaying a sample of body fluid obtained 
from the patient for the presence of an anti-fcau- 
pept ide autoantibody . 

20 3, The method for diagnosing., subtyping or 

monitoring Alzheimer's disease according to claims 1 
or 2< wherein the assay is a radioxvasranoassay , an 
ensyj^e-Iinked irstaunosorbant assay,- a sandwich assay,, a 
precipitin reaction, a gel iaimunodif fusion assay, an 

25 agglutination assay, a fluorescent immunoassay, a 
protein A immunoassay or an Immunoelectrophoresis 

4. A kit for detecting the presence of a tan- 
30 peptide in a sample of body fluid comprising an anti- 
tau-peptide antibody or an a nt i -tail -peptide Fab 
fragment and means for detecting the binding of the 
tau-peptide with the antibody or fragment, 

3b 5, a vj.t for detecting the presence of sr. anti- 

fcau-peptide autoantibody in a sample of body f iuid 
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